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DATE: Qctober 10, 1997
TO: J.M. Langsted, RMRS Project Compliance, T893A, X2542, DP 505-7628
FROM: MPS.M. Paris, RMRS Environmental Restoration Projects, T893B, X3656, DP 4624

SUBJECT: HIGH PURITY GERMANIUM (HPGe) DETECTOR USAGE ON RMRS
ENVIRONMENTAL RESTORATION PROJECTS - SMP-001-97

Purpose

The purpose of this memorandum is to provide RMRS Project Compliance with information detailing
the generation of data from onsite HPGe gamma spectroscopy associated with RMRS Environmental
Restoration Projects group since July 1, 1995. Information is also provided on data generated from
RFETS (Site) and offsite analytical laboratories which will hereafter be referenced as isotopic
analyses. This information is included to demonstrate that decisions were also based on isotopic
analysis and may provide useful information for comparison purposes.

Onsite HPGe gamma spectroscopy has been used to analyze soil and debris samples to:

1. Determine requirements associated with Site radiological operating procedures;

2. Compare treated and untreated soils to Rocky Flats Cleanup Agreement (RFCA) Action Level
Framework (ALF) for soil putback decisions;

3. Support waste acceptance criteria requirements of offsite disposal facilities; and

4, Support waste acceptance criteria requirements of onsite waste storage facilities.

The following specific information was derived from project completion/closeout reports and data
sumimaries.

Ryan’s Pit Remedial Action

The Ryan’s Pit Remedial Action was initiated in July 1995, treated soils were returned to the
excavation in September 1996. Treated debris was shipped offsite to the Nevada Test Site (NTS)
along with Trenches 3 & 4 (T-3/T-4) treated debris in September 1997.

Cleanup standards included in the Ryan’s Pit Proposed Action Memorandum (PAM) were based on
proposed preliminary remediation goals (PPRGs). These PPRGs were replaced by the Tier I and Tier
IT action levels established in the ALF of the RFCA which were negotiated during the implementation
of the Ryan’s Pit Remedial Action. The Ryan’s Pit PAM included the preliminary Tier I and Tier II
action levels for radionuclides which were applied to this remedial action as agreed to by Department
of Energy (DOE), Kaiser-Hill (K-H), Environmental Protection Agency (EPA) and Colorado
Department of Public Health and Environment (CDPHE). These preliminary Tier I and Tier II action
levels were accepted as the final action levels.



Contaminated soils from Ryan’s Pit were excavated and stored in nine roll-off containers prior to
treatment. One composite sample from each roll-off was collected for isotopic analyses. These data
are provided in Table 4, Results of the Radioisotopic Analysis from Excavated Ryan’s Pit Soils,
provided in the Closeout Report for the Remediation of Individual Hazardous Substance Site 109,
Ryan’s Pit (previously provided). These data were to be used to evaluate the soil with respect to the
hazardous waste criteria for metals established in 6 CFR 1007-3, Section 261.24, and PPRGs for
radionuclides prior to returning the soils to the excavation. Samples from six of the nine roll-off
containers exceeded the PPRGs criteria established in the Ryan’s Pit PAM and three roll-offs
exceeded the Tier I ALF. As a result the returning of soils following the volatile organic compound
(VOC) treatment process was delayed pending resolution of radiological issues.

Confirmation samples were collected from the base and sidewalls of the excavation to confirm all
soils in excess of cleanup levels negotiated in the PAM had been removed and that excavation
activities have been completed. Ten soil samples were collected from the excavation and analyzed for
isotopic composition. The results of the excavation samples are provided in Table 2, Excavation
Boundary Radiological Confirmation Sample Results, provided in the Ryan’s Pit Closeout Report
(previously provided).

The excavated. soils in the nine roll-offs was then treated by low-temperature thermal desorption
methods and was placed into eleven roll-offs. It was determined that the soils and original
characterization data of the nine roll-offs could not be traced to the post-treatment roll-off
containers. Therefore, the original data was no longer representative of soils in roll-offs and the soils
would require additional radiological characterization. RMRS prepared a new sampling and analysis
plan and resampled the eleven roll-off containers for radionuclides. Three samples from each roll-
off were generated by compositing four subsamples using a statistical method to ensure representative
sampling. A total of thirty-three samples were collected and analyzed using onsite HPGe gamma
spectroscopy. The sums of ratios for these samples were calculated with respect to the Tier II action
levels and were well below 1.0, indicating no exceedance of the Tier II action levels. Therefore, the
soils were returned to the excavation. The results of the gamma spectroscopy analysis are provide in
Appendix 3 of the Ryan’s Pit Closeout Report (previously provided).

Some drums were unearthed during the excavation and treated by thermal desorption methods.
These drums were later stored in a roll-off container and subsequently were mixed with drums
generated and treated during the T-3/T-4 Remedial Action. These drums may have been selected for
radiological characterization using onsite HPGe gamma spectroscopy. The debris section provided in
the Trench 3/Trench 4 Remedial Action section below provides information on debris sampling and
analysis for this project.

Trench3/Trench 4 Remedial Action

The T-3/T-4 remediation project field effort was completed in fiscal year 1996 (FY96), treated soils
were returned to the excavation in September 1996. Treated debris was shipped offsite to the NTS
along with Ryan’s Pit treated debris in September 1997. During the remediation of T-3/T-4, 1,706
cubic yards were removed from T-3, and 2,090 cubic yards were removed from T-4.

The soils excavated from the trenches were initially screened using a field instrument for the
detection of low energy radiation (FIDLER) and material removed from the trenches were stockpiled
in two separate piles. Soils above 5,000 cpm were segregated and kept separate from soils below
5,000 cpm during treatment. Confirmation samples were obtained from the base and sidewalls of the
completed excavation, however, no samples were analyzed for radionuclides.

Stockpiled soils were sampled for radionuclides for comparison to RFCA ALF. Following treatment
both stockpiles of treated soils were marked off into approximately equal grids. At least one sample
was collected per 100 cubic yards of the post-treatment non-radiologically contaminated soils (soils



HPGe gamma spectroscopy. The results were used to remove radiological requirements from the soil
stockpile area. These data are provided in RMRS Memorandum RCG-0002-97 (previously
transmitted).

Actinide Migration

Pond B-1 sediment samples were collected in 1997 and were to be shipped to the Colorado School of
Mines (CSM) for radiochemical analysis. These samples were expected to be radiologically
contaminated and required a radiological screening analysis to be shipped offsite. Onsite HPGe
gamma spectroscopy was selected to be used to replace the radiological screening usually performed
in the 559 Laboratory. The HPGe data was used to determine if the Radiological Work Permit for
881 Laboratory would be exceeded if the samples were sent there. Samples were planned to be sent
to 881 Laboratory for a radiological screen for shipping purposes. The HPGe samples results
(Attachment 3) were within the 2 nanocuries RWP limit of 881 Laboratory. However, when screened
by the 881 Lab, one sample was found to be above 3 nanocuries. Radiological screening results for
gross alpha and gross beta from 881 Laboratory are provided as Attachment 4.

The HPGe results were provided to RMRS Surface Water, and are provided as Attachment 3. The
sediment samples were sent to CSM for analysis in support of the Actinide Migration Panel
investigation. Results were obtained for CSM  plutonium-239/240 analysis and are provided as
Attachment 5.

IHSS 119.1 Pre-Remedial Investigation

Five radiological hot spots were removed from this site in 1994, and a plume of VOC contaminated
groundwater is present. Previous investigation samples were analyzed and results were below Tier II
levels. Post-hot spot removal FIDLER surveys also did not indicate a radiological concern. However,
samples were collected and analyzed using onsite HPGe gamma spectroscopy to verify that
radiological controls would not be required during the planned remedial action. No VOC
contamination above action levels was discovered during the investigation, and the remedial action
was canceled. Therefore no decisions were made based on the data generated.

If you have any questions concerning this information please contact me at X3656.

Attachments (5)

cc: J.L. Anderson (w/o attach.)
M. Broussard (w/o attach.)
G.D. DiGregorio (w/o attach.)
L.A. Dunstan  (w/o attach.)
S.L. Gamer (wfo attach.)
J.K. Hopkins (w/o attach.)
J.E. Law (w/o attach.)
A.L. Pnmrose (w/o attach.)
H. Solomon (w/o attach.)
W.R. Sproles  (w/o attach.)



e e . -Attachment 1
%

(]

KAISER o HILL

COMPANY

INTEROFFICE MEMORANDUM

DATE: September 19, 1996 -
TO: S. L. Garner, RMRS Project Manager, Bldg T893B, X6588
FROM: R. S. Tyson, Radiological Engineering, Bldg T6908B, X817

SUBJECT: REPORT OF RESULTS FROM GAMMA RAY SPECTROSCOPY OF NC
T-3/T-4 WASTE MATERIALS - RST-019-96

Radiological Engineering (RE) was tasked with performing gamma ray spectroscopy of various
waste matenials from Trenches T-3 and T-4 to characterize this material for disposal following
treatment for volatile organic constituents. Samples of these materials were collected, and 6
samples were transferred to RE for data acquisition. The samples were weighed and net
weights calculated.

Gamma spectroscopy measurements were acquired in accordance with RE Procedure 4-W03-
REP-1401, Operation of the Gamma Spectroscopy Systems. This procedure provides the
guidance to perform measurements in various geometries and system configurations.
Additionally, the equipment used for data acquisition was previously calibrated and character-
ized in accordance with procedure 4-R29-REP-1402, Routine Characterization of a High Purity
Germanium Detector (HPGe). This process included characterization and calibration for the
geometry of 250ml plastic sample jars.

The system utilized for acquisition of data was an EG&G Ortec Lo-Ax HPGe detector coupled to
an EG&G Nomad ™ 92X muitichannel analyzer. The microprocessor used was a Compaq
386S/20™ laptop computer. EG&G Ortec Maestro Il™ software was used for data collection,
and the Environmental Gamma-Ray Analysis Software (EGAS) was used for data reduction

and analysis.

Data Collection Methodology

After calibration of the instrument, a 3600 second background measurement was performed so
as to be able to subtract any natural radiation contributions from the acquired data. Then, the
sample jar was placed 1 centimeter (cm) from the face of the detector, and a 3600 second
acquisition was performed of the sample. Once collected, the data was transferred to the
EGAS software for analysis.



less than 5,000 cpm). Approximately 500 cubic yards were considered as potentially radiologically-
contaminated treated material (soils greater than 5,000 cpm), and were sampled at a frequency of
about one sample for every 35 cubic yards.

A total of 54 soil samples were collected and analyzed from post-treatment soil stockpiles using
onsite HPGe gamma spectroscopy. The results of these samples were previously provided to Project
Compliance. Based on these results, all soils were below Tier I ALF values, and all but 250 cubic
yards were below Tier I ALF values. The soils below Tier II ALF values were returned to the
trenches in bulk. The soils above Tier I ALF values were placed within a geotextile liner, to mark
their location, and putback in the west end of T-4.

Onsite gamma spectroscopy was used to support waste acceptance criteria for the characterization of
approximately 70 post-treatment crushed drums generated from the T-3/T-4 project and Ryan’s Pit
project. A total of 42 debris samples were analyzed in order to appropriately disposition these
materials. These results were previously provided to Project Compliance and may also be found in
the T-3/T-4 Completion Report.

Radiological screens were performed on T-3/T-4 soils prior to performing HPGe analysis. The
radiological screen results for these samples have not been located as of this date.

Miscellaneous waste materials were also analyzed using onsite gamma spectroscopy to support waste
storage requirements for interim storage at the RFETS. Gamma spectroscopy was performed on
debris samples including asphalt, wood, and sediment generated from decontamination operations.
Results from these analysis are provided in K-H Interoffice Memorandum RST-019-96 (Attachment
1). Gamma spectroscopy was also performed on condensate generated in the oil/water separation unit
used for the T 3/T-4 project. The analysis was performed to meet the WAC of the 891 Consolidate
Water Treatment Facility. Results from these analysis are provided in K-H Interoffice Memorandum
RST-021-96 (Attachment 2) .

Mound Site Remedial Action

The Mound remediation project was completed in FY97, treated soils were returned to the excavation
in September 1997. The site was re-excavated in late September 1997 to retrieve T-3/T-4 soils found
to exceed Tier I ALF and subsequently backfilled for the final time. Soil retrieved from the re-
excavation activity were shipped offsite to the NTS in late September 1997.

Pre-remedial characterization of the Mound Site used radiochemical analyses of soil samples to
determine that these soils were below Tier II action levels. All Mound Site soils were screened using
the FIDLER during excavation and results were within the background range. However, during initial
FIDLER surveys of the Contaminated Soil Feed Stockpile (located in the East Trenches area outside
of the Mound Site area), material related to T-3/T-4 was discovered and was drummed. Samples from
these drums were analyzed using onsite HPGe gamma spectroscopy, results were determined to be
slightly below the Tier I ALF values. Based on this information, and with the concurrence of EPA,
CDPHE, DOE RFFO, Kaiser-Hill, SSOC Radiological Engineering, and RMRS, this drummed material
was placed into the Mound excavation during backfill operations. After backfilling was complete,
questions about the validity of the data were brought up. The original sample material was
reanalyzed using the recalibrated and baselined HPGe equipment, and the results were slightly above
Tier II values. In response to additional questions and concerns, the sample material was sent offsite
to a laboratory where the material was crushed, dried, and homogenized prior to gamma spectroscopy
analysis. Results showed activity levels twice that originally calculated. Based on these results, the
soils were re-excavated from the Mound Site and shipped to the NTS for disposal.

Onsite gamma spectroscopy was also utilized to determine radiological positing requirements of pre-
treated soil stockpile. Fourteen soil samples were collected from the stockpile and analyzed using



S. L. Gamer
September 19, 1996
RST-019-96

Page 2 of 2

Results
Photopeaks, or energy lines corresponding to the normal mixture of naturally occurring -

radioisotopes were present in the spectra, and corresponded to typical levels of activity in the

background measurements. Additionally, photopeaks above background were identified for the
following isotopes: Uranium-235 (*5U), Uranium-238 (***U), and Americium-241 (*'Am). Based
on empirically established ratios of 2'Am to Plutonium-239/240 (3%?*Py) of 1 to 5, a concentra-

tion of #44%Py was calculated and included in the summary report-provided as Attachment-1. -.
‘Provided as Attachment 2 are the individual data analysis reports for each of the six samples.

Summary

Attachment 1 provides a summary report of the acquired data after analysis, including sample
weights, and the activity per unit mass of each isotope. This information is provided to properly
characterize the material for disposition. Additional RE analyis may be required for each waste
stream prior to disposal. Please contact me at extension 8172 or on digital pager 7982 with any
questions regarding this matter.

Concurrence:

s o/l 9/ %
B. P. Colby J ‘Date

rst

Attachments
As stated

cc (w/o attachment 2):
. Anderson

. Broussard

. Colby

. Roberts

. Sieben

. Tyson
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GAMMA SPECTROSCOPY ANALYSIS:
TRENCH T3/T4 DEBRIS SAMPLES

Sample Net Wt Activity (plcoCurles) Concentration (plcoCuries/gram)

Number (@ | u23s) | u-238 | Am-241(c) [ Pu-239240 | u-235 | U-238 | Am-241| Pu-239r240 Total
DB00022RM | 273.90 NDA NDA 0.58 " NDA NDAl  16.02
} | 280.30} NDA] - NDA NDA] 660
DBO0024RM | 58.10 73.30
1 8670 163.36
DB00026RM | 281.00 91.71
: —234= ~~"NDA™ {" -

NDA: No Detectable Activity above Background
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INTEROFFICE MEMORANDUM

DATE: September 26, 1996
TO: S. L. Garner, RMRS Project Manager, Bldg T893B, X6588
FROM: R. S. Tyson, Radiological Engineering, Bldg T6908B,

SUBJECT: REPORT OF RESULTS FROM GAMMA RAY SPECTROSCOPY OF TRE
T-3/T-4 WASTE MATERIALS - RST-021-96

Radiological Engineering (RE) was tasked with performing gamma ray spectroscopy of various
waste materials from Trenches T-3 and T-4 to characterize this material for disposal following
treatment for volatile organic constituents. A sample of this material was collected, and
transferred to RE for data acquisition.

Gamma spectroscopy measurements were acquired in accordance with RE Procedure 4-W03-
REP-1401, Operation of the Gamma Spectroscopy Systems. This procedure provides the
guidance to perform measurements in various geometries and system configurations.
Additionally, the equipment used for data acquisition was previously calibrated and character-
ized in accordance with procedure 4-R29-REP-1402, Routine Characterization of a High Purity
Germanium Detector (HPGe). This process included characterization and calibration for the
geometry of 250m! plastic sample jars.

The system utilized for acquisition of data was an EG&G Ortec Lo-Ax HPGe detector coupled to
an EG&G Nomad™ 92X muiltichannel analyzer. The microprocessor used was a Compaq
386S/20™ |aptop computer. EG&G Ortec Maestro 1™ software was used for data collection,
and the Environmental Gamma-Ray Analysis Software (EGAS) was used for data reduction

and analysis.

Data Collection Methodology

--After-calibration of the instrument, a 3600 secend background-measurement-was-performed so

as to be able to subtract any natural radiation contributions from the acquired data. Then, the
sample jar was placed 1 centimeter (cm) from the face of the detector, and a 3600 second
acquisition was performed of the sample. Once collected, the data was transferred to the

EGAS software for analysis.



S. L. Garner
RST-021-96
September 26, 1996
Page 2 of 2

Results
Photopeaks, or energy lines corresponding to the normal mixture of naturally occurring

radioisotopes were present in the spectra, and corresponded to typical levels of activity in the
background measurements. Additionally, photopeaks above background were identified for the
following isotopes: Uranium-235 (**U) and Uranium-238 (¥**U). This information is detailed in
the summary report provided as Attachment 1. Provided as Attachment 2 is the individual data

analysis report for the sample.

Summary
Attachment 1 provides a summary report of the acquired data after analysis, including sample

weights, and the activity per unit mass of each isotope. This information is provided to properly
characterize the material for disposition. Additional RE analysis may be required for each
waste stream prior to disposal. Please contact me at extension 8172 or on digital pager 7982
with any questions regarding this matter.

Peer review:
A Pngpars f\%@) /7%»
Date

rst

Attachments
As stated

(o]

¢ (w/o attachment 2):
. Anderson

. Broussard

. Colby

. Roberts

. Sieben

. Tyson
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RST-021-96
Attachment 1

Page 1 of 1
SUMMARY REPORT
Sample Net U-235 U-238 U-235 U-238 Total
Number Weight, | activity, activity, activity, activity, | Activity,
grams | pCi pCi pCilg pCi/g pCi/g
DBO0014RM | 250.00 | 163.00 2430.00 {0.65 9.72 10.35
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smplDBO0014RM, det20677, 1cm, 3600s, 082896, 250ml pbs, LNAPL

*+ Software Version: 110595/ 20677/Q by R. T. Reiman ®

Energy Resolution Live Time Real Time Quad Gain OFFSET HEIGHT
(keV) FWHM (keV) Seconds Seconds Value (kev/ch) (keV) (cm)
I 222 X & LA A X E R X R X R 4 IR S B R X RN ko k ok ok ok kK * Kk khk ok ke *hk kv h ki * & ko bk kW (2 B A XN 3

1460.7 1.98 3600 3611 .313E-08 .187 .573E-01 1

Nuclide Summary
LA SRS R XSS RS RS}

Isotope Activity Error

ci t
*hEhkkkd *hkhkkhkdhkhkth * ok k ok kh
K- 40 .239E-07 4.7
U- 238 .243E-08 14.8
Ra 226 .876E-09 7.8
U- 235 .163E-09 24.8
Th 232 .SO0SE-09 11.3
ENERGY NET - BACKGROUND ERROR ISOTOPE PHOTO- ACTIVITY EXPOSURE
(keV) COUNT - COUNT (%) PEAK (Cci) (UR/Hr)
(2 & % & X 3 L2 2 X2 XX 3 Ahhkdkthoh *hk bk *kkkhkk & *kdhhhkhh L2222 A XA Z BEEEEEEE AR EEEREE SN
13.6 150.0 1763.0 40 Pa 231 12.6  .20E-08 .00 .11E-05
Th 231 13.3 .14E-09 .00 ’
Th 234 13.3 .13E-08 .00
" Pa 234 13.6 .32E-07 .00
Pu 238 13.6 .32E-08 .00
AM 241 13.9 .4SE-09 .00
Am 243 13.9 .76E-09 .00
Y- 88 14.1 .24E-09 .00
Cm 244 14.3 .12E-08 .00
Co 57 14.4 .13E-08 .00
24.8 206.1 1495.9 27  Sn 113 24.0 .58E-09 .00 .20E-05
: In 115 24.2 .12E-09 .00
Sn 113 24.2 .31E-09 .00
cd 109 24.9 .84E-09 .00
€d 109 25.5 .S50B-08 .00
63.7 310.3 2203.7 22 TH 234 63.2 .27E-08 .00 .45E-05

: U- 238 = 63 2====—03E-08 —0© i
87.6 257.6 2458 .4 28 Am 243 86.8 .24E-07 .00 .48E-05

Th 234 87.0 .11E-0S .00
Ac 225 87.0 .2BE-07 .00
Pb 212 87.2 -13E-08 .00
Cd 109 ~88.0 .22E-08 .00
Th 227 88.5 .29E-08 .00
92.9 417.6 2703 .4 18 TH 234 92.6 .25E-08 .00 .82E-05
U- 238 92.6 .25E-08 .00
U- 23S 93.3 .S3E-08 .00
186.2 224.5 1420.5 25 Un 235 185.7 .96E-10 .00 .1SE-04
Un 238 186.1 .20E-08 .00
U- 235 185.7 .22E-09 .00
U 238 186.1 .35E-08 .Q0

238.6 215.6 836 .4 20 Pb 212 238.6 .35E-09 .00 .24E-04
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352.

511.

583.

609.

911.

969.
1120.

~N

178.

249.

187.

137.

194.

118.

60.
g8.

551.

333.

242.

145.

170.

78.

81.
72.

20

12

14

15

12

14

25
17

SUM OF ESTIMATED EXTERNAL EXPOSURE

232
214
152
226
214

57
133
208

22

65

88
106
208
232
135
214
226
103
228
232
228
214
226

RATE:

238.
295.
296.
351.
352.
352.
510.
510.
S11.
511.
511.
S511.
583.
583.
608.
609.
609.
610.
911
911.
968.
1120.
1120.
.1

1
6
3
3
3
.1
1
9
4
4
1

6
2
0
9
0
2
4
8
0
0
0
8
1

.33E-09
.83E-09
.39E-07
.77E-09
.74E-09
.84E-05
_20E-07
.13E-08
.17E-09
.11E-07
.76E-07
.15E-08
.30E-09
.86E-09
.15E-07
.B1E-09
.89E-09
.71E-08
.1SE-08
.15E-08
.13E-08
.20E-08
.20E-08
2E-02uR/Hr

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

.31E-04

.63E-04

.10E-03

.10E-03

.16E-03

.22E-03

.13E-03
.25E-03

- T T A
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Attachwent 4

Det#40279/Plus 3600s lcm B-1 Pond Sam00l 336g 6-24-97

*+« Software Version: 122095/ 0/Q by R. T. Reiman *

Energy Resolution Live Time Real Time Quad Gain OFFSET HEIGHT
(keV) FWHM (keV) Seconds Seconds Value {(kev/ch) (keV) {(cm)
khkkkk k% Tk hkk ok kLt kK * kk k k ok k kk kkkdkkhkkhkk Ahkkkkk ki * k k kK &k &k % & * k k k k k k& * ok ok ok k&

609.0 1.43 3600 3672 .428E-07 .37S -.187 1

Nuclide Summary
kkkhkhkhkhkhkhkhkhhkktk

Isotope Activity Error

Ci %
khkkk ki Ahkhkhkdkdthkdhi * %k k k&
K- 40 .120E-08 1.0
U- 238 .S88E-10 12.2
Ra 226 .286E-10 2.5
U- 235 .130E-11 26.6
Th 232 .269E-10 2.7
Cs 137 .306E-11 13.5
Am 241 .301E-10 4.2
ENERGY NET BACKGROUND ERROR ISOTOPE PHOTO- ACTIVITY EXPOSURE
(keV) COUNT COUNT (%) PEAK (Ci) (uR/Hr)
*kkkkk L& & B X5 & *hkk kkhk khkkhkhkd Ahhkhdkkk khkdkhkkkt [ R S X X X XX R xk hkk k k& k& d ok ok kk kkk ok
12.9 2118.4 2297.6 4 Pa 231 12.6 .97E-10 .00 .S2E-07
Th 231 13.3 .65E-11 .00
Th 234 13.3 .61E-10 .00
Pa 234 13.6 .15E-08 .00
Pu 238 13.6 .15E-09 .00
AM 241 13.9 .21E-10 .00
Am 243 13.9 .36E-10 .00
16.3 731.3 4893 .7 14 Pa 231 15.7 .26E-10 .00 _22E-07
Y- 88 15.8 .23E-10 .00
24.0 1363.8 4669.2 8 Sn 113 24.0 .18E-10 .00 _S9E-07
In 115 24 .2 .375-11 .00
Sn 113 24 .2 .9S5E-11 .00
_ cd 109 24.9 .26E-10 .00
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Eu 155 60.0 .87E-09 .00
63.6 764.4 14911.6 23  TH 234 63.2 .51E-10 .00 .84E-07
U- 238 63.2 .51E-10 .00
74 .9 586.0 17985.0 33 Am 243 - 74.7 .23E-11 .00 .76E-07
' Pb- 212 © 74.8 .16E-10 .00
U- 235 74.9 .1SE-06 .00
Px 82 75.0 .15E-11 .00
'77.4 523.8 18146.2 37 Lu 174 76.5 .17E-10 .00 .71E-07
Pu 241 77.0 .57E-05S .00
Pb 212 “77.1

.78E-11 .00
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Det#40279/Plus 3600slcm B-1 Pond Sam002 400g 6-24-97

*+ Software Version: 122095/ 0/Q by R. T. Reiman *

Energy Resolution Live Time Real Time Quad Gain OFFSET HEIGHT
(keV) FWHM (keV) Seconds Seconds Value (kev/ch) (keV) (cm)
Kk khkhkhkdt Hhhkdkdkhkdhkkxkt khkkhk hkhkhkhkhk khkbbhkhkhhkhk S,hhhdkhhhk *Fhddk&k*k%k kkkhkhkhkk xhkkk &%

608.9 1.55 3600 3673 .435E-07 .375 -.201 1

Nuclide Summary

khkhkdhkhkhkhkhkthkhkhkhkkk
Isotope Activity Error

Ci %
khkkhthktdk Ahthhkkdththkdt thkhhktk
K- 40 .122E-08 1.0
U- 238 .558E-10 12.8
Ra 226 .288E-10 2.5
U- 235 .221E-11 20.6
Th 232 .264E-10 2.7
Cs 137 .336E-11 12.2
Am 241 .892E-10 1.6
ENERGY NET BACKGROUND ERROR ISOTOPE PHOTO- ACTIVITY EXPOSURE
(keV) COUNT COUNT (%) PEAK (Ci) (uR/Hr)
* % d k k% d kb kK kK * k k& & k& khkhthkhkkt khkhhkhkhki bk hkdkdkhkk *hhkhkdkdhkt & * k k k k k& k% kkkkhkhkkkk
12.9 2092.1 2252.9 4 Pa 231 12.6 .9SE-10 .00 .S51E-07
Th 231 13.3 .64E-11 .00
Th 234 13.3 .60E-10 .00
Pa.234 13.6 .15E-08 .00
Pu 238 13.6 .15E-09 .00
16.0 700.1 4750.9 14 Pa 231 15.7 .25E-10 .00 .21E-07
Y- 88 15.8 .22E-10 .00
19.7 231.5 4447.5 41 Pu 238 20.3 .SO0E-10 .00 .83E-08
24.0 1172.5 4782.5 9 Sn 113 24.0 .15E-10 .00 .S1E-07
In 115 24.2 .32E-11 .00
Sn 113 24 .2 .82E-11 .00
cd 109 24.9 .22E-10 .00
27.5 379.2 4644 .8 26 Th 231 26.6 .54E-11 .00 _19E-07
Sn 113 27.3 .93E-11 .00
Pa 231 27.4 .11E-10 .00
Sn 113 27.9 .49E-10 .00
59.5 12753.6 14430.4 2 Th 231 58.6 .S58E-08 .00 .13E-0S
U- 235 58.6 .33E-07 .00
Am 241 59.5 .91E-10 .00
Eu 155 60.0 .25E-08 .00
63.2 718.7 14749.3 24 TH 234 63.2 .48E-10 .00 .78E-07
U- 238 63.2 .48E-10 .00
66.9 321.4 15930.6 56 Th 230 67.7 .22E-09 .00 .37E-07
74 .9 679.0 17894.0 28 Am 243 74 .7 .27E-11 .00 .88E-07
Pb 212 74 .8 .18E-10 .00
U- 235 74.9 .18E-06 .00
Px 82 75.0 .18E-11 .00
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SUM OF ESTIMATED EXTERNAL EXPOSURE RATE: .286E-03uR/Hr



Det#40279/Plus 3600slcm B-1Pond Sed Sam003 443g 6-24-97

*+ Software Version: 122095/ 0/Q by R. T. Reiman *

Energy Resolution Live Time Real Time Quad Gain OFFSET HEIGHT
(keV) FWHM (keV) Seconds Seconds Value (kev/ch) (keV) (cm)
* kk k &k kX *dk ok k ok k ok kkKk * kk k k k k k& Ak kkdkkk ik * k kk ok k k& * ke k ok k ok k& * k ok k kK k k& * k k % %k &

608.9 1.49 3600 3672 .433E-07 .375 -.193 1

Nuclide Summary
ok hkkkdhok ok ok khohkdhkkh

Isotope Activity Error

Ci %
* k hk k kkk (LR X & 2 & X & N * hk k k& ok
K- 40 .119E-08 1.0
U- 238 .487E-10 14.6
Ra 226 .263E-10 2.7
U- 235 .242E-11 19.9
Th 232 .281E-10 2.6
Cs 137 .366E-11 11.0
Am 241 .1S8E-09 1.0
ENERGY NET BACKGROUND ERROR ISOTOPE PHOTO- ACTIVITY EXPOSURE
(keV) COUNT COUNT (%) PEAK (Ci) (uR/Hr)
* %k k %k % h kkk ok kk kkdhk kit ki * k 4k k k& * k k kk k*k khkkhkhk ki khkkhkhkthk ki R I 3 & 3 & & I 4 PR I R
12.9 2055.7 2254 .3 4 Pa 231 12.6 .94E-10 .00 .50E-07
Th 231 13.3 .63E-11 .00
Th 234 13.3 .S59E-10 .00
Pa 234 13.6 .15E-08 .00
Pu 238 13.6 .15E-09 .00
AM 241 13.9 .21E-10 .00
Am 243 13.9 .35E-10 .00
16.1 S42.9 4706.1 18 Pa 231 15.7 .19E-10 .00 .16E-07
Y- 88 15.8 .17E-10 .00
24.0 1220.1 4662.9 8 Sn 113 24.0 .16E-10 .00 .53E-07
In 115 24.2 .33E-11 .00
Sn 113 24 .2 .85E-11 .00
cd 109 24.9 .23E-10 .00
27.6 337.8  4585.2 29 Th 231 26.6 .49E-11 .00 .17E-07
Sn 113 27.3 .83E-11 .00
Pa 231 27.4 .98E-11 .00
Sn 113 27.9 .43E-10 .00
49 .7 793.2 12185.8 20 Th 227 59.2 .24E-10 .00 .68E-07
Am 243 50.6 .71E-07 .00
59.5 22493.6 15891.4 1 Th 231 58.6 .10E-07 .00 .23E-05
U- 235 58.6 .S7E-07 .00
Am 241 59.5 .16E-09 .00
Eu 1S5S 60.0 .44E-08 .00
63.6 S01.6 14798.4 35 TH 234 63.2 .33E-10 .00 .55E-07
U- 238 63.2 .33E-10 .00
74.8 615.0 17659.0 31 Am 243 74 .7 .24E-11 .00 .80E-07
Pb 212 74.8 .17E-10 .00
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SUM OF ESTIMATED EXTERNAL EXPOSURE RATE:

_281E-03uR/Hr



Det #40279/Plus 3600s 1lcm B100S 333g 6-24-97

** Software Version: 122095/ 0/Q by R. T. Reiman *

Energy Resolution Live Time Real Time Quad Gain OFFSET HEIGHT
(keV) FWHM (keV) Seconds Seconds Value {kev/ch) (keV) {(cm)
*k ok kkkk * k ok k ok ok ok ok k Kk k ok ok ok ok k ok k& khkkkhkkkht kkkkhkkkk £hhkhktkhk * ok kk ok k Kk * ok ok ok k&

608.9 1.49 3600 3672 .433E-07 .375 -.193 1

Nuclide Summary
kkkkhkhkkhkkhkkdhkhx

Isotope Activity Error

Ci %
kdk hkdhkhkktk kdhkkkkdhkhkht * k k k k k
K- 40 .119E-08 1.0
U- 238 .487E-10 14.6
Ra 226 .263E-10 2.7
U- 235 .242E-11 19.9
Th 232 .281E-10 2.6
Cs 137 .366E-11 11.0
Am 241 .158E-09 1.0
ENERGY NET BACKGROUND ERROR ISOTOPE PHOTO- ACTIVITY EXPOSURE
(keV) COUNT COUNT (%) PEAK (Ci) (uR/Hr)
kkkkk*k *k kkhk k% %k k k k k% *kthkhhk khkhkhkhkkk I E XXX EEEXE R EE S & X [ EE R R E R XK X I X E R B & XX X1
12.9 2055.7 2254.3 4 Pa 231 12.6 .94E-10 .00 .S0E-07
Th 231 13.3 .63E-11 .00
Th 234 13.3 .59E-10 .00
Pa 234 13.6 .15E-08 .00
Pu 238 13.6 .15E-09 .00
AM 241 13.9 .21E-10 .00
Am 243 13.9 .35E-10 .00
16.1 542.9 4706.1 18 Pa 231 15.7 .19E-10 .00 .16E-07
Y- 88 15.8 .17E-10 .00
24.0 1220.1 4662.9 8 Sn 113 24.0 .16E-10 .00 .53E-07
In 115 24 .2 .33E-11 .00
Sn 113 24.2 .85E-11 .00
cd 109 24.9 .23E-10 .00
27.6 337.8 4585 .2 29 Th 231 26.6 .49E-11 .00 .17E-07
: sn 113 27.3 .83E-11 .00
Pa 231 27.4 .98E-11 .00
Sn 113 27.9 .43E-10 .00
49.7 793.2 12185.8 20 Th 227 0.2 .24E-10 .00 .68E-07
Am 243 50.6 .71E-07 .00
5S9.5 22493.6 15891.4 1 Th 231 58.6 .10E-07 .00 .23E-05
U- 235 58.6 .57E-07 .00
Am 241 59.5 .16E-09 .00
Eu 155 60.0 .44E-08 .00
63.6 S01.6 14798.4 35 TH 234 63.2 .33E-10 .00 .S5E-07
U- 238 63.2 .33E-10 .00
74.8 615.0 17659.0 31 Am 243 74.7 .24E-11 .00 _.80E-07
Pb 212 ~74.8 .17E-10 .00
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SUM OF ESTIMATED EXTERNAL EXPOSURE RATE: .281E-03uR/Hr
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«+ Goftware Version: 122095/ 0/Q by R. T. Reiman *

Energy Resolution Live Time Real Time Quad Galn OFFSET HEIGHT
(keV) FWHM (keV) Seconds Seconds Value (kev/ch) (keV) (cm)
ok k ok k kK * ok ok ok d ok kk kK * k kk k k& k& * kk kkkkkk *xkkkhkkhkt * k k& k &k & & * k k k k ok k Kk * ok k% k&

609.0 1.44 3600 3676 .225E-07 .375 -.460 1

Nuclide Summary
Ak hkhkththkhkdthtbtohodt

Isotope Activity Error

Ci %
k k kkkk %k IR R X & & X X X4 * k k k k%
K- 40 .119E-08 1.0
U- 238 .752E-10 9.6
Ra 226 .319E-10 2.3
U- 235 .173E-11 22.2
Th 232 .274E-10 2.6
Cs 137 .457E-11 9.3
Am 241 .254E-09 .7
ENERGY NET BACKGROUND ERROR ISOTOPE PHOTO- ACTIVITY EXPOSURE
(keV) COUNT COUNT (%) PEAK (Ci) (uR/Hr)
* kkk k%t khkkkk k& khkhkhkkkk IEEZEEEXEENEEEREEE XS kdkkkhkkk I E 'R E X X X X X3 ok dkk kkkd kkkdkhkkdktk
12.7 2243.5 2381.5 4 Pa 231 12.6 .10E-09 .00 .54E-07
Th 231 13.3 .69E-11 .00
Th 234 13.3 .65E-10 .00
Pa 234 13.6 .16E-08 .00
Pu 238 13.6 .16E-09 .00
16.1 635.6 5125.4 16 Pa 231 15.7 .23E-10 .00 .19E-07
Y- 88 15.8 .20E-10 .00
23.9 1200.6 4907.4 9  Sn 113 24.0 .16E-10 .00 .S52E-07
In 115 24.2 .33E-11 .00
Sn 113 24.2 .83E-11 .00
cd 109 24.9 .23E-10 .00
26.9 410.3 4852.8 25 AM 241 26.3 .44E-10 .00 .20E-07
Th 231 26.6 .59E-11 .00
Sn 113 27.3 .10E-10 .00
Pa 231 27.4 .12E-10 .00
49 .4 1049.0 14488.0 17 Th 227 50.2 .32E-10 .00 .89E-07
S9.3 36477.3 17221.7 1 Th 231 58.6 .17E-07 .00 .37E-05
U- 235 58.6 .93E-07 .00
Am 241 59.5 -.26E-09 .00
. Eu 155 60.0 .72E-08 .00
63.1 998.5 15048.5 18 TH 234 63.2 .66E-10 .00 . .11E-06
U- 238 63.2 .66E-10 .00
74 .9 794 .0 18186.0 24 Am 243 74 .7 .31E-11 .00 .10E-06
Pb 212 74.8 .22E-10 .00
U- 235 74.9 .21E-06 .00
Px 82 75.0 .21E-11 .00
77.2 711.4 18161.6 27 Lu 174 76.5 .23E-10 .00 .96E-07 -
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**+ Software Version: 122095/ 0/Q by R. T. Reiman *

Energy Resolution Live Time Real Time Quad Galin OFFSET HEIGHT
{keV) FWHM (keV) Seconds Seconds Value (kev/ch) (keV) {cm)
* k k k ok & % * k k %k k ok k k k% khkhkkhkhthhkt * hkk ok kot kR * k k ok k ok kK k ok ok ok ok ok k& k& & %k &k *k k& * k k ok &k Kk

609.0 1.47 3600 3672 .347E-07 .375% -.450 1

Nuclide Summary
khk ok kkkdkohkkkohk ok ok ok k

Isotope Activity Error

Ci %
khkhkhkdkhksk thkkhkhkdtdhthki * %k k k k «
K- 40 .11SE-08 1.0
U- 238 .533E-10 13.4
Ra 226 .294E-10 2.4
U- 235 .144E-11 24 .6
Th 232 .255E-10 2.8
Cs 137 .364E-11 11.3
Am 241 .840E-10 1.7
ENERGY NET BACKGROUND ERROR ISOTOPE PHOTO- ACTIVITY EXPOSURE
(keV) COUNT COUNT (%) PEAK (Ci) (uR/Hr)
* h kk kK khkkhkdkkk khkhkhkkkk khkhkkEkht *hkhkhkhkks *hkdkhk kL kdkkhkdhkkdh i d ok k kkok kR khkkhkkkkdtk
12.7 2214 .6 2295.4 4 Pa 231 12.6 .10E-09 .00 .53E-07
Th 231 13.3 .68E-11 .00
Th 234 13.3 .64E-10 .00
Pa 234 13.6 .16E-08 .00
Pu 238 13.6 .16E-09 .00
15.8 $597.5 4976.5 17 Pa 231 15.7 .21E-10 .00 .18E-07
Y- 88 15.8 .19E-10 .00
19.0 207.4 4591.6 47 Pa 231 18.5 .29E-10 .00 .73E-08
23.9 1250.8 4620.3 8 Sn 113 24.0 .16E-10 .00 .54E-07
In 115 24.2 .34E-11 .00
Sn 113 24.2 .87E-11 .00
, cd 109 24.9 .24E-10 .00
27.0 369.8 4617.3 27 AM 241 26.3 .40E-10 .00 .18E-07
Th 231 26.6 .53E-11 .00
Sn 113 27.3 .90E-11 .00
Pa 231 27.4 .11E-10 .00
Sn 113 27.9 .47E-10 .00
S9.3 11993.6 14627.4 2 Th 231 58.6 .SSE-08 .00 .12E-05
U- 235 58.6 .31E-07 .00
Am 241 59.5 .85E-10 .00
Eu 155 60.0 .24E-08 .00
63.3 689.2 14846.8 25 TH 234 63.2 .46E-10 .00 ~ .75E-07
U- 238 63.2 .46E-10 .00
74 .9 701.2 17867.8 27  Am 243 74 .7 .28E-11 .00 .91E-07
Pb 212 74 .8 .19E-10 .00
U- 235 74.9 .18E-06 .00
Px 82 75.0 .18E-11 .00 ol
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